In this study, influence of wide range of 24-epibrassinolide (24-EBL) on early growth potential of two maize hybrids (ZP 434 and ZP 704) was examined. Paper concerns germination, seedling biomass, important chlorophylls content, and redistribution of elements (heavy metals and microelements), in a seedlings of the maize hybrids, as influenced by different 24-EBL concentrations. It was found that hybrids react differently to exogenously applied hormone. The biggest differences between two examined maize hybrids considering the germination level were reached with the lowest values at 86% for ZP 704 and 72% for ZP 434, gained at the highest applied concentration of 24-EBL. Seedlings of hybrid ZP 434 reacted positively moderately in the case of shoot length and biomass under the influence of 24-EBL, but seedlings of hybrid ZP 704 had lower values of these parameters under the influence of the phytohormone. Chlorophyll a/b ratios showed that photosynthetic apparatus of seedlings of the hybrids is not active in this stage of development. It was established that 24-EBL affects seedling growth and re-allocation of naturally present mineral elements in early growth stages and that could be one of the reason for poorer growth of ZP 704 treated with various concentrations of 24-EBL, comparing to control. When applied in lower concentrations, 24-EBL is blocking toxic elements such as chromium and nickel to relocate to vital parts of plant, what was case in hybrid ZP704. In case of ZP 434, lower concentrations of 24-EBL are affecting re-allocation of Cu and Cr and these findings suggest that maize hybrid seedlings treated with lower concentrations of 24-EBL could survive and be successful in polluted areas. Maize (Zea mays L.) is the world's most widely grown crop, both for human consumption and livestock feeding. It is also an important source of biofuel, animal feed and raw material in industry. Depending on favorable seed content, genetic predisposition, weather conditions and agricultural treatments, seeds have better possibility to grow into plants with improved characteristics [1] . Major maize producers in the world are trying to achieve better production while they are dealing with different environmental stress factors. M) showed inhibitory effect on the synthesis of phenolics in some maize hybrids [3] , enhancement or retardation of root growth, differentiation of xylem vessels, membrane hyperpolarization, increased ATPase activity, and enhanced protein synthesis [4] . Natural BRs identified so far, have a common 5α-cholestane skeleton, and their structural variations come from the kind and orientation of oxygenated functions in rings A and B. These modifications are produced by oxidation and reduction reactions during biosynthesis.
ences during seed germination and seedlings emergence phases [2] .
Brassinosteroids (BRs) are important regulators of plant growth and development. They are organic compounds with polyhydroxylated sterols structure, which show multiple effects on plant physiology, growth and development. Plant hormone 24-epibrassinolide (24--EBL, Figure 1 ), as a member of BR group of hormones, applied in higher concentrations (5.2×10 -7 and 5.2×10 -8 M) showed inhibitory effect on the synthesis of phenolics in some maize hybrids [3] , enhancement or retardation of root growth, differentiation of xylem vessels, membrane hyperpolarization, increased ATPase activity, and enhanced protein synthesis [4] . Natural BRs identified so far, have a common 5α-cholestane skeleton, and their structural variations come from the kind and orientation of oxygenated functions in rings A and B. These modifications are produced by oxidation and reduction reactions during biosynthesis. 24-EBL belongs to the group of C 28 BRs and BRs with 7-membered 7-oxalactone-B-ring and vicinal 2α,3α--hydroxyl groups. 7-Oxalactone BRs have stronger biological activity than 6-oxo types (such as castasterone) and non-oxidized BRs reveal no activity in biological tests [5] . The application of exogenous BRs can be used as an anti-stress agent in a wide range of biotical and abiotic stress conditions (heavy metals, herbicides and drought stress) [6] . BRs have ability to regulate the uptake of elements into the plant cells and they can be used to reduce the accumulation of heavy metals and radioactive elements in plants. Heavy metals are non--essential elements that do not have any known positive function in plants. Metals such as cadmium, chromium, copper, nickel, and other naturally occurring metallic elements are considered as important pollutants which are affecting environment generally [7] . Cadmium is extremely toxic to plants. It retards biosynthesis of chlorophyll, alters water balance, induces oxidative stresses in plants and slows down the rate of photosynthesis. It was reported that there was an improvement in the shoot emergence and biomass production of mustard plants under the influence of pre-germination seed treatment with epibrassinolide (EBR). Moreover, EBR blocked copper metal uptake and its accumulation in the plants [8] . Another recently discovered aspect of the influence of BRs is their ability to redistribute elements within the plant cell. BRs can be used to reduce the accumulation, not just tolerance to heavy metals and radioactive elements in polluted areas [9] and in salty soils [10] . Although elements are present in low concentrations in seeds, they are necessary, especially zinc, for early growth stages [11] .
But, what is natural affinity for redistribution of heavy metals and elements, and what is affinity if maize plants were treated with 24-EBL, is the maize suitable for bioremediation, and can maize grow on polluted soils? In presented manuscript, we discuss 24-EBL influence on maize architecture, seed germination and redistribution of important elements at early stage of development.
MATERIALS AND METHODS

Plant materials and growth conditions
The influence of different concentrations of 24-EBL (The product "Epin-Extra", obtained from "GalenikaFitofarmacija" a.d. Zemun Company, manufactured in Russia) in concentrations of 5.2×10 -7 -5.2×10 -15 M on the initial growth of maize has been examined. Two certified maize hybrids, ZP434 (drought tolerant) and ZP 704 (older generation hybrid, drought sensitive) were tested. The seeds are product of the Maize Research Institute Zemun Polje, Zemun Polje, Serbia.
Seeds (4×50, previously weighted) were germinated in two-liter plastic boxes (each box contains 50 seeds), on filter paper sheets, topped at the beginning of experiment with 60 mL of different concentrations of 24--EBL solution and under the phytothrone (Loške tovarne hladilnikov Škofja Loka, d.d., Slovenia) conditions at 30 (over day) and 20 °C (overnight), with a 12 h of light (110-160 μmol photons m -2 s -1 )/12 h of dark regime [12] .
Growth parameters
After seven days, 4×25 uniformly grown seedlings were separated with blades to shoot, root and rest of the seed from the seedlings (RoS). Weight of seedling parts was measured on analytical balance (Radwag, Poland), germination percentage was evaluated, length of seedlings shoots and roots length were measured, and subsequently seedlings were stored at -70 °C until further analyses.
Redistribution of fresh weight in the plant is expressed in modified allometric coefficients (fresh weight of individual plant organs relative to the total fresh weight of the plant). These parameters are: SMR (ratio of fresh weight of shoot (FWs) relative to the total fresh weight of the plant (FWp): g FWs g -1 FWp), RMR (ratio of fresh root weight (FWr) relative to the total fresh weight of the plant (FWp): g FWr g -1 FWp) [13] .
Microwave digestion
A microwave-assisted acid digestion system (Berghof, Speed wave 4, Germany) was used to extract the elements from the samples (shoot, root, RoS). Approximately 0.5 g of dry weight (DW) of previously pooled 25 samples from every part of seedlings treated with 5.2×10 -9 , 5.2×10 -12 and 5.2×10 -15 M were digested. The digestion procedure was based upon recommendations in US EPA method 3051B (with nitric acid, hydrogen chloride and hydrogen peroxide) [14] . Measurements were performed from three replicates.
The ICP-OES determination
The resulted solutions were analyzed by a Spectro Genesis ICP-OES instrument with Smart Analyzer Vision software (Spectro Analytical Instruments GmbH, Boschstr. 10, 47533 Kleve, Germany). The curves were recorded on the basis of individual (Ultra Scientific U.S.A. (concentration of 1 g L -1 )) and the multi standards (SPS-SW2, LGC, UK) for the target elements, Mn, Na, Zn, Cu, Cr, Ni, Cd, Mo and Mg. The confirmation was carried out with matrix spike samples for a three concentrations (mg kg -1 ).
Measurements of photosynthetic pigments (chlorophyll a and b and total carotenoids)
Photosynthetic pigments were extracted from frozen plant material with 96% ethanol and the absorbance of ethanol extracts was measured with UV visible spectrophotometer (Agilent 8453, USA) at 3 wave lengths: 470, 648 and 664 nm. The amount of pigments (chlorophylls and carotenoids; mg of pigments kg -1 FW of leaves) was attained using methods described by Lichtenthaler (1987) [14] . Measurements were performed from three replicates.
Statistical analyses
The basic statistical parameters of the data were calculated and the results were presented through histograms and tables. The analysis of variance was supported by the Kolmogorov-Smirnov test for the normality of residuals and Levene's test for homogeneity of variance. The data obtained were subjected to analysis of variance (ANOVA). The mean separation of content of mineral elements, content and ratios of photosynthetic pigments, shoot length, SMR, RMR and percentage of germination were accomplished by Tukey's HSD (honest significant difference) test. Significance was evaluated at P < 0.05 for all tests. Statistical analyses were conducted by the general procedures of Statistica v.7 (StatSoft, Inc.) and IBM SPSS Statistics v.20 (SPSS, Inc.).
RESULTS AND DISCUSSION
Difference between two examined maize hybrids was present at the germination level, with the lowest values at 86% for ZP 704 and 72% for ZP 434, gained at the highest applied concentration of 24-EBL ( Figure 2 ). Germination of ZP 434 slightly varied under the influence of different concentrations of 24-EBL, with the highest drop induced by concentration of 5.2×10 -7 M, comparing to control. In the case of ZP 704, concentrations of 24-EBL higher than 5.2×10
-12 M inhibit germination. The highest influence has been noted at 24-EBL concentration of 5.2×10 -7 M, with statistically significant decrease of germination. Control is presented as "0" due to water without 24-EBL in all figures.
Shoot length of ZP 434 and ZP 704 maize hybrids was significantly changed in response to 24-EBL concentrations. Gained results are less than alpha (α), so we can conclude that the difference between a pair of group means is statistically significant. According to results presented in Figure 3 , seedlings of hybrid ZP 704 showed values of seedling shoot length similar to control only at 24-EBL concentration of 5.2×10 -15 M, while all other concentrations had statistically significant inhibitory influence on shoot length. For hybrid ZP 434, the highest values of shoot length were obtained at lower 24-EBL concentrations. 24-EBL applied in 5.2×10 -7 and 5.2×10 -9 M concentrations significantly reduced the shoot length. As it can be seen from the Figure 3 , hybrid ZP 434 had statistically significant differences at concentration of 5.2×10 -7 , 5.2×10 -9 and 5.2×10 -15 M, while hybrid ZP 704 had higher sensitivity for 24-EBL range, with more statistically significant differences, relative to 24-EBL concentrations. Seed germination and seedling elongation (and in the later stages of plant development) are directly dependent on gibberellins inducing activity of the enzyme α-amylase, one of the key enzymes in the process of degradation of the starch reserves during seed germination with which BRs act synergistically [16, 17] .
According to the results presented in Table 1 , ZP 434 was characterized by moderate, non-significant changes of shoot and root weight at 5.2×10
-15 M as concentration of 24-EBL with non-significant influence on average increase in fresh weight of root and shoot comparing to untreated samples. Opposite to these trends, treatments of 5.2×10 -9 and 5.2×10 -7 M concentration of 24-EBL significantly decreased average fresh weight of seedling root and shoot, comparing to untreated samples. One of the important functions of BRs in plant physiology is stimulation of seedling elongation, which could be attributed to activation of BRs--induced genes, with its implicated influence on cell elongation or expansion. Also, five of the BRs-induced genes are either known to be early auxin induced or share homology to auxin induced genes [18, 19] . Exogenous application of BRs usually inhibits primary root extension and lateral root formation, with occasional promotions of elongation or adventitious rooting [20, 21] , which is in accordance with results achieved by application of 5.2×10 -7 M concentration of 24-EBL at hybrid ZP 434. 24-EBL concentrations higher than
5.2×10
-12 M had the important impact on ZP 704 accumulation of fresh weight of shoot.
Germination percentage, weight of intact plant and innitial plant height are parameters of quality which affect field establishment and performance [22] . These parameters are used to describe ability of plants to germinate rapidly in the soil and to tolerate various, mostly negative environmental factors. It has been previously demonstrated that BRs can enhance crop yield and crop efficiency [23] .
Low values of the ratio (<<3) of photosynthetic pigments (Chl a/Chl b) observed for both hybrids (Table  2 ) testify poor competence of the shoot photosynthetic apparatus, given that photosynthesis has not yet started, which is not surprising for such an early stage of development of seedlings [24] . However, this means that most assimilates (i.e., and sugar), necessary for growth and development of shoot and root comes from the rest of the seed [25] .
In the case of ZP 704, it can be noted that all concentrations of 24-EBL are influencing redistribution of Zn and Mn between shoots and roots. Usually plants are accumulating higher amounts of Zn in the shoots than in the roots, and that is the case with the control [27] . There was an improvement in the shoot emergence and plant biomass production in the case of Brassica juncea L. seeds if they were treated before germination with 24-EBL (10 -7 , 10 -9 and 10 -11 M) and submitted to Cu stress [28] . In the case of lowest applied 24-EBL concentration, obvious blocking of distribution of Cu was observed within both hybrids, which might indicate that maize plants could achieve optimum of growth in polluted soils. It is well known that 24-EBL can reduce the toxic effect of Cd [29] . In case of seedlings treated with the lowest concentrations of 24-EBL it is obvious that the accumulation of Cr and Ni is probably blocked in the seeds. Similar inhibitory role of BRs on the uptake of Ni was also reported by Sharma et al. [30] . These important insides to redistribution of highly toxic elements are leading to conclusion that maize treated with 5.2×10 -15 M 24-EBL could survive much polluted soils due to its ability to block toxic elements before they reach roots and shoots, what could protect plants in stressed conditions. Mo is a highly mobile element translocated between various plant tissues [31] and that fact could be the reason why changes of Mo concentrations in shoot were not affected on treatments with 24-EBL. From the Table 3 , it can be concluded that lower concentrations of 24-EBL has weak influence on the concentration of Mg in shoot of maize seedlings.
Also, Mo has important role in primary mechanisms of assimilation of nitrogen as a co-factor of nitrate reductase, crucial enzyme in the process of transformation of inorganic nitrate form of nitrogen, assimilated from the soil. Both Mo and Mn are extremely important in photosynthetic water-splitting process [32] . The content of elements such as Ni (except for RoS in concentration of 24-EBL at 5.2×10 -15 M), Mo (except for RoS in concentration of 24-EBL at 5.2×10 -9 M) and Mg was not affected with applied 24-EBL concentrations in case of ZP 434 hybrid (Table 3) , while the content of Zn and Na was partially influenced. Results showed that redistribution of important elements stayed in a normal range, while the accumulation of potentially toxic elements was blocked in seeds, which could enable seedlings normal growth and development, and protection against toxic metals. As a confirmation of such hypothesis, lower concentrations of 24-EBL (5.2×10 -13 and 5.2×10 -12 M) had stimulatory effect on ZP 434 maize seedlings length (Figure 3) , while the weight of the shoot remained unchanged. Treatment of seedlings of both hybrids with various concentrations of 24-EBL is affecting balance of Cu (Table 3) , so we can assume that 24-EBL have protective effect in terms of avoidance of possible toxic effect of Cu.
Transport of Na under saline conditions is still poorly understood but it is suggested that plants could have compartments for reserving Na. This probably is helping plants to overcome environmental stress such as salinity [33] . Considering the fact that 24-EBL is influencing relocation of Na into root, especially in the case of ZP 704 and in the case of ZP 434, treated with 5.2×10 -12 M concentration of 24-EBL (Table 3) , we can assume that maize seedlings treated with lower concentrations of 24-EBL could have better chances to emerge in saline habitats [34] . 24-EBL applied in lower concentrations is also influencing redistribution of Cu and Cr in the case of ZP 434 (Table 3) , and it could be used as a parameter for choosing right type of chemical treatments for overcoming influence of polluted areas.
Despite that measurements of element uptake from the soil solution was not carried out, results are indicating that 24-EBL, when applied in lower concentrations, is blocking distribution of heavy metals into the vital parts of the plant at the very beginning of the seedling growth and development. These results are implicating, together with above mentioned literature and foundlings of other scientists, that 24-EBL is involved in plant protection [35] and that maize treated with various concentrations of 24-EBL could also be successfully planted in various polluted areas. Considering the fact that germination remained stable for both hybrids, together with higher initial growth (in case of hybrid ZP 704) comparing to control, and the evidence that 24-EBL blocked heavy metals allocation into the vital organs, candidates these hybrids as suitable for the cultivation on polluted soils. Maize is widely used in industry and represents high biomass producing plant [36] . Considering that, ZP 434 and ZP 704 maize hybrids could be valuable for the elimination of toxic elements from the polluted areas. Based on the presented results, it could not be concluded that 24-EBL positively influenced the distribution of potentially toxic elements into the shoots and roots of maize hybrids, so its potential in phytoremediation is not confirmed.
CONCLUSION
Considering the fact that maize is one of the most widely grown crops, producers in the world are trying to achieve better production while they are dealing with different stress factors. In these study, influence of 24-EBL on germination, early plant growth, photosynthetic pigments and redistribution of elements was examined. It was found that 24-EBL is influencing both germination and growth of maize hybrids ZP 704 and ZP 434 at lower concentrations of phytohormone. Hybrids reacted divergently to exogenous application of 24-EBL. Lower concentrations have stimulating effect on growth and germination while high concentrations of 24-EBL have inhibitory effect on these processes. Considering that germination percentage, mass of all plant and innitial plant height are parameters of plant quality, seedlings treated with various concentrations of 24-EBL will probablly have better chance for growth and field establishment. It was found that 24-EBL is affecting redistribution of elements in young plants. Elements could be linked with initial growth and it was assumed that in the case of hybrid ZP 704, poorer emergence of shoots is influenced with lower Zn concentration, since it is known that the Zn and plant growth are correlated.
In case of the lowest concentration of 24-EBL, hormone is obvious blocking distribution of Cu, and these could mean that maize plants could achieve optimum of growth in polluted soils. Low values of ratio of photosynthetic pigments for both hybrids are confirming photosynthetic inactivity. Results are implicating from our findings that maize treated with 24-EBL could be grown at soil polluted with heavy metals due to its ability to remove or block accumulation of toxic elements, especially in shoot.
